We studied the use of minor and major recurrence classifications with regard to observer variability, which directly affects validity of these terms as outcome measures.
Introduction
scales for angiographic success of endovascular aneurysm therapy are commonly used in the literature [1] [2] [3] [4] [5] [6] [7] .
These scales are meant to assess completeness and durability of aneurysm therapy and are used to judge the relative efficacy of such new technology in clinical trials.
Change in degree of aneurysm occlusion on follow-up angiography is of interest because the major weakness of endovascular therapy relative to surgery is aneurysm recurrence. raymond et al. 3 defined a recurrence as "any increase in size of the remnant" and defined a recurrence as "major" if "it was saccular and its size would theoretically permit re-treatment with coils".
Because of the subjective nature of such a description of aneurysm recurrence, we undertook a study of observer agreement for the classifications of "minor" and "major" recurrence.
Methods

Aneurysms Studied and Readers
Angiograms from a total of 125 aneurysms obtained immediately before and following endovascular therapy and 83 angiograms obtained three to six months following endovascular therapy were assessed using the scales described below.
These angiograms were obtained in the course of the Hydrocoil for Endovascular Aneurysm Occlusion (HEAl) registry 8 .
Each angiogram was assessed by two readers who were interventional neuroradiologists (HJC and DfK) each with more than 12 years of experience with endovascular aneurysm therapy.
Assessments were made by each reader on two occasions separated by at least 30 days in an attempt to diminish recall bias.
Each reader was blinded to the other observer's assessments and to his own previous assessments.
Assessment Scales
Each initial post-treatment angiogram and each three to six month follow-up angiogram was compared, and an assessment was made of "no recurrence", "minor recurrence", and "major recurrence".
A recurrence was defined as "any increase in size of the remnant" and defined a recurrence as "major" if "it was saccular and its size would theoretically permit re-treatment with coils" 3 . Any recurrence that did not meet the definition for "major" was categorized as "minor".
Results
The kappa values obtained were interpreted relative to the criteria of fleiss 9 . According to fleiss, values ≤0.40 represent poor agreement, values between 0.40 and 0.75 represent fair to good agreement, and values >0.75 represent excellent agreement.
Intraobserver concordance for Observer 1 was 0.90 (75 of 83 cases), with a kappa statistic
Statistical Analysis
The proportion of concordant readings (p) and kappa statistics were calculated to determine the relative inter-and intraobserver agreement of the aneurysm recurrence scale. The proportion of concordant readings was calculated as the number of concordant readings divided by the total number of readings.
Weighted kappa values were determined. Figure 1 Anterior communicating artery aneurysm demonstrated on angiography prior to coil therapy (A), immediately after coil therapy (B), and follow-up 5 months after coil therapy (C). The follow-up angiogram was interpreted as both "minor" and "major" recurrence, by the same observer as well as by different observers.
A B C be quite difficult to ascertain in many cases because the risk of future rupture of a given partially treated aneurysm is often not known. Physicians vary tremendously in how aggressively they would treat an aneurysm recurrence 11 . With increasing use of balloon remodeling and adjunctive stent, the interpretation of the definition of "major" recurrence as "it was saccular and its size would theoretically permit retreatment with coils" could be seen as changing over time. Coils of 1.5 mm diameter are now available, so one could argue that nearly any remnant or recurrence ≥1.5 mm would be theoretically treatable with stent assistance. As such, the definition of "major" recurrence can be interpreted more and more broadly over time.
It is commonly thought that an important marker of failure of aneurysm therapy is the need for retreatment of the aneurysm. The need for retreatment is taken so seriously that it is being used as a primary end point in the Matrix and Platinum science trial 12 and the HydroCoil Endovascular Aneurysm Occlusion and Packing study (HElPs) 13 . In the HElPs trial, the "major" recurrence rate was 24% for patients treated with HydroCoil vs. 34% for those treated with bare platinum, yet the retreatment rate was 3% for aneurysms treated with HydroCoil and 3% for those treated with bare platinum 13 . Because only about 10% of "major" aneurysm recurrences in the HElPs trial were actually treated, there is clearly a disconnection between what is interpreted angiographically to be potentially treatable and what is actually treated. We feel that the need for aneurysm retreatment is not something that can be objectively measured as an endpoint for scientific research.
Our study used two readers of very similar training and practice background. It is possible that interobserver variability between readers with more varied backgrounds might be even higher.
Conclusions
Both inter- and intra-observer variability are inherent to assessment scales of completeness of cerebral aneurysm therapy. Intra- and interobserver concordance is approximately 90% for assessment of minor and major recurrence. of 0.83. Intraobserver concordance for Observer 2 was 0.92 (76 of 83 cases) with a corresponding weighted kappa statistic of 0.86. Comparing the two observers, the mean interobserver concordance was 0.88 (73 of 83 cases), with a mean weighted kappa of 0.81. A typical discordant case is shown in figure 1 .
Discussion
Our study demonstrates acceptable interand intraobserver variability in the angiographic assessment of "minor" vs. "major" recurrence following endovascular cerebral aneurysm therapy. Inter- and intra-observer concordance was approximately 90%. The kappa statistics were 0.83 and 0.86 for intra-observer variability and 0.81 for inter-observer variability, which are above the threshold for "excellent" agreement defined by fleiss as being >0.75 9 . While fleiss somewhat arbitrarily designates these kappa statistics as "excellent", investigators using "major" and "minor" recurrence rates as outcome measure in studies need to evaluate and decide for themselves if concordance rates of 90% are adequate for their study. for investigators hoping to measure a small change in recurrence (e.g. <10%) as a treatment effect, this amount of variability might be a major problem. Also, when comparing studies using "major" and "minor" recurrences as endpoints, it is important to realize that there is potential for observer variability that could easily change the proportions of "major" and "minor" recurrences by 10%.
The degree of aneurysm occlusion following endovascular therapy is a continuous variable. Therefore, commonly used scales for grading degree of aneurysm occlusion apply an ordinal scale on what is really a continuous variable, which is a subjective exercise prone to interand intra-observer variability. To assess the inter- and intra-observer variability of such scales, Cloft et al. 10 evaluated the observer agreement for scales of completeness of aneurysm treatment ("complete", "neck remnant" and "incomplete"), and change at follow-up angiography ("same", "better", and "worse").
The decision to retreat is generally quite subjective. The risk of treating a recurrent aneurysm relative to the risk of not treating it can 
